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Z.  Sffitfeg 

A.  Oxygen  dl fluoride  (OF^)  1*  currently  being  investigated  as  e  prise 

fluoridating  agent,  both  for  the  preparation  of  S-F  containing  compound#  and  for 
the  preparation  of  other  fluorisatisg  agent#  containing  the  O-F  linkage.  Thermo¬ 
dynamic  calculations  have  indicated  that  euch  ooopouoda  (e.g.,  nay 

exhibit  unusually  high  specific  Inpulses  (Refarcnee  1). 

B.  In  sn  attempt  to  prepare  K-F  containing  coapounda  (fluoramine#),  the 
action  of  oxygen  difluoride  on  the  following  nitrogen  compounds  has  been  investi¬ 
gated:  diasthylamlne,  t  etrsaethy  1 tetxaxane,  M-chlorethylaaiad.ne,  and  dimethyl- 
nltroaanine.  Mo  fluoramlna  has  as  yet  been  isolated  from  any  of  thaee  reactions  • 

C.  In  sn  ettaqpt  to  prapare  0-F  containing  compounds  ( hypof  1  uorit as )  , 
the  action  of  oxygen  difluoride  on  t-butyl  alcohol  and  on  t-butyl  peroxide  has 
been  inveetigated.  It  was  found  that  t-butyl  alcohol  gave  little  or  none  of  the 
deelred  t-butyl  hypofluorite,  whereas  t-butyi  peroxide  mas  unreactive  toward 
oxygen  difluoriis  under  the  experimental  condi tiona  aaployed*. 

2).  Experiments  designed  for  the  selection  of  suitable  solvent  media 
for  oxygen  difluoride  indicated  that  Freon  113  (l,l,a-trichloro-i,2>2-trifluro- 
*  thane}  and  dpectro-grade  carbon  tetrachloride  can  be  used.  In  particular,  no 


chloride  during  23  hours  at  mribismt  temperature* 

X*  It  wee  determined  that  oxygen  difluoride  can  be  stored  in  dry  glass 
vessels  at  ambient  temperature  for  several  weeks  without  decomposition  or  with- 

out  reaction  with  tns  contaiJMMp# 

r.  Calculation*  abo.  that  tluaiaua  hyAcHa  lft  a.  ortaadc  biadac,  tofathar 
Kith  ft  lifiU  oftlilMc,  is  capitis  (thaoraticallj)  of  yiildin.  .pacific- lapalaa 
aaluaa  of  ifcoa.  290  Ibf  aaa/lka  at  a  chftribac  pemumt*  of  1000  pa  la. 
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II.  TECHNICAL  DISCUSSION 

A.  PREPARATION  OF  N-F  COMPOUNDS 
!•  Introduction 


a.  Interest  in  the  use  of  oxygen  difluoride  as  a  fluorlnating 
agent  for  the  present  program  has  steamed  mainly  from  the  work  of  Gteorge 
Wright,  who  reported  the  isolation  of  dibutyl  floor  amine  from  oxygen  difluoride 
and  dibutylamine  and  from  the  fact  that  chlorine  dioxide  (0C1.)  can  be  used  to 
prepare  chloramines  so  that  presumably  oxygen  difluoride  might  be  similarly 
used  to  prepare  fluor amines  •  Of  further  interest  to  the  present  program  is  the 
possible  use  of  hypofluorites  as  fluorlnating  agents  for  the  preparations  of 
fluor amines,  by  analogy  with  the  standard  method  for  preparing  chloramines, 
involving  the  use  of  a  hypochlorite.  However,  the  known  hypofluorites  (CF^OF, 
SF^OF,  CFjOOgF ,  etc,)  are  not  readily  obtainable,  so  d^p&ttention  has  been 
directed  rather  toward  the  preparation  of  unknown  hypotj. norites  (as  t-butylhypo~ 
fluorite)  from  oxygen  difluoride. 


'•  ■ 

b.  Although  it  may  be  possible  to  prepare  fluoramines  by 

» 

using  oxygen  difluoride  or  hypofluorites,  several  observations  have  recently 
come  to  light  which  indicate  that  the  synthesis  of  a  fluorauine  in  this  manner 
may  not  be  realized  except  in  a  small  number  of  isolated  cases  (see  paragraphs 

II, A, 2,3)*  In  the  first  place,  there  is  reason  for  believing  that 

Wright's  material  is  not  dibutylfluoraainec  Also,  it  appears  that  there  may  be 
a  fundamental  difference  in  the  chemistry  of  the  reactions  of  oxygen  diflucride 
and  the  hypofluorites,  as  compared  with  that  of  the  other  halogen  oxides  and 
hypohalltes.  These  matters  are  discussed  more  fully  in  a  later  part  of  the 
report  (paragraph  11,3,1  and  B,3), 


■  c*  The  use  of  other  types  of  fluorlnating  agents  (F^,  HgF^, 
AgF,  AgF^,  CLF^,  etc,)  for  the  preparation  of  fluoraarinea  does  not  appear 
promising  since  ail  such  material*  presumably  react  by  a  free  radical  mechanism 
involving  fluorine tion  of  carbon  as  well  as  of  nitrogen.  From  the  standpoint  of 
selectivity,  oxygon  difluoride  and  the  hypofluorites  appear  to  her  the  meet 
useful. 
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d»  Another  possible  method,  i.e.,  the  gtsirMott  of  nitrile# 
tfldi  mercuric  fluoride,  li  currently  botes  iurvsstigatsd  under  Contract  AT 
i»9(638)-25,  Project  Ho.  TOOT  {Reference  2). 


2.  DteglfttasssS  Reactions  Isrrplviog  Hvoohaiites 


e.  Halo sen  oxide#  end  bypehalitee  other  than  bypofiucrite* 

ere  known  to  react  with  anfnes  to  produce  the  rvrreep  ending  H-haioenteee  by 
displacement: 


ehare 


*  H,  alkali  natal,  t-butyl,  or  X 
^  end  R^  *  H,  or  alkyl  grove 
X  «  Cl,  Br,or  I 

Proa  Pauling's  “Table  of  Electronegativities**  (Reference  3),  it  nay  be  observed 
that  in  all  cases  under  dtecuesten,  X  is  lss£  Electronegative  than  oxygen 
(Cl,  3*0;  Br,  2.8;  I,  2.5;  0,  %5)  so  that  the  reaction  nay  be  logically 
considered  to  involve  &  nucleophilic  displanenant  by  the  mine  or  halogen,  ss 
tfboen  below. 

Ej-O^-X  +  X^l  H - *  ^-O-H  + 


Howeyg?,  in  the  cane  of  oxygen  dl  fluoride  or  bypofluorites  tha  reection  nay  be 
expected  to  follow  a  different  course  as  a  result  of  the  fact  that  fluorine  is 
more  electronegative  (k.O)  than  oxygen  (3*5).  te  this  case  one  would  expect  the 
inn»1  ecybi  lie  di spine anent  to  occur  on  oxygen,  as  follows*. 


tjKM?  +  »2«Ji  h — >  ht  + 

K~.  *  r ,  vc^i  Sr^|  vf  jW 


r«*»  3 
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If  this  distinction  in  mechanism  is  real,  it  vlll  not  be  possible  to  prepare  a 
f  I  nor  amine  from  an  amine,  and  oxygen  difluoride,  or  a  hypofluorite,  This  point 
is  now  being  investigated. 


b«  It  is  of  interest  that  according  to  the  above  Mechanise, 
the  reaction  between  oxygen  di fluoride  snd  an  seine  would  be  expected  to  yield  an 
Ofluorohydroxylaaine  of  the  type  R^R^-OF,  which  aay  be  mrre  valuable  as  a 
monopropellant  than  the  corresponding  fluor amine,  R^JuB-F, 

c.  There  is  now  indirect  evidence  which  would  indicate  that 
Wright  *s  material  may  have  bean  impure  H,B~dibutylaBdnehydroperoxide,  (C^H^)^900fi: 


B-H  4-  F-O-F 


c*a9 


/ 


C,  H 

v X 

}  B-OF  +  HF 


C.Hrt 
h  9^ 

N-OF  +  H_0 
/  * 

chH9 


$ 


C*V 


B-O-O-H  +  HF 


ChH9 


For  example,  Wright* s  analysis  for  fluorine  was  based  on  the  ability  of  hit* 
material  to  oxidise  acidified  potassium  iodide,  with  the  liberated  iodine  than 
being  titrated  with  standard  thiosulfate  to  the  starch  endpoint.  However,  when 

3- 

the  work  was  repeated  in  this  laboratory,  it  was  found  that  the  oxidizing 
product  contained  no  fluorine,  as  determined  front  &  standard  volumetric  method 
of  analysis,  Wright *s  workup  procedure  consisted  of  treating  with  aqueous 
acetic  acid,  a  medium  which  has  been  shown  in  this  laboratory  to  result  in  the 
destruction  of  the  OF  bond  (see  below).  Finally,  t-butr^lhy  drop  exoxide  has  been 
found  to  liberate  iodine  from  acidified  potassium  iodide;  thus  H,B»dibutyIamlne* 
hydroperoxide  might  be  expected  to  undergo  this  reaction.  Wright1#  elemental 
analysts  does  not  correspond  with  the  fluoracrine,  the  Ofiuoro-hydroxylseine,  or 


*By  Dr,  James  Robinson,  under  Contract  AT  ^9(636-)-25, 
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the  hydroperioxide ;  therefore,  his  product  was  presumably  ispsre,  Although  there 
is  still  sows  doubt  concerning  the  nature  of  Wright's  reaction  product,  the 
fact  that  no  fluorine  was  found  demonstrates  that  It  could  not  have  been  the 
expected  dibutylfluo  ranine. 


a.  When  the  reaction  of  oxygen  difluoride  with  dijmtfeylanine 
was  carried  out  by  Wright's  method,  the  trixture  did  not  oxidize  acidified  potas¬ 
sium  iodide.  It  is  not  clear  shy  dlbutylanine  yielded  an  oxidizing  product 
whereas  dtnetbylaartne  did  not.  The  only  product  Isolated  frost  the  dinetbyLaniue 
reaction  (in  addition  to  rffnrfhjl  amine  itself)  was  acetone,  in  very  swell  yield, 

b„  Tetrametbyltetrarece  was  considered  as  a  possible  pre- 
curser  to  an  H-F  Type  compound,  even  though  the  reaction  proceeded  by  a  nucleo¬ 
philic,  displacement  on  oxygen: 

(CH^gH  -  S  =  H-»  (CH^g  +  or  - >  (CH^g  IMF  +  Sg  +  fCH^g  K-F 

Alternatively,  the  reaction  night  not  be  intramolecular,  in  which  case  it  would 
be  unlikely  that  an  3*-F  coapound  would  form: 


®3  ®3 


When  this  reaction  was  carried  out  on  a  snail  scale,  ? lightly  more  than  l  stole 
of  add  (presumably  hydrogen  fluoride)  was  found  per  mole  of  oxygen  &  fluoride 

Fage  5 
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employed.  In  mixing  the  reactant#,  copious  evolution  of  a  gas  (probably  nitrogen) 
occurred  and  the  reaction  mixture  did  not  oxidize  acidified  potassium  iodide f  No 
attempt  was  made  to  isolate  the  reaction  product  from  this  run. 


c.  Since  nitrogen  and  chlorine  are  equally  electronegative 
(with  values  of  3.0  each),  there  was  some  question  as  to  which  of  these  elements 
in,  e.g.,  N-chloroethylenimine,  would  act  as  the  displacing  agent  toward  oxygen 
difluoride.  If  chlorine  were  the  displacing  agent,  an  N-F  compound  might  be 
formed,  as  shown  below* 


F  «  0 


-  F 


|  2  ^  N-F  +  F-O-Cl 

I  / 


However,  it  appears  that  nitrogen, with  an  electronegativity  of  3.0, is  a  better 
nucleophile  than  even  the  more  electronegative  oxygen  (3*5)*  Thi*  is  apparent 
in  displacements  on  hydrogen,  since  ammonium  salts  are  formed  more  readily  than 
oxonium  salts.  It  is  also  true  in  displacements  on  carbon,  as  shown  by  the 
formation  of  trimethy  1-o-methy  lhydroxonium  iodide  from  H,  N-dimethyl-0-methyl«» 

hydroxyl ai  ine  and  methyl  iodide.  That  the  nitrogen  does  the  displacing  was 
shown  by  l  ynthesizing  the  same  hydroxonium  iodide  from  trimethyl  amine  oxide  and 
methyl  iodide  (Reference  4): 


/V 

i  v 

-  I 


WAi  »• 

/  3 

CH,I  +  0  -  N - CH 

3  \ 


3 


If  nucleophilic  displacement  on  oxygen  follows  the  same  pattern  as  that  on 


hydrogen  and  on  carbon,  then  no  H-F  compound  would  be  obtained  from  oxygen  di- 


fluorlde  and  H-chlorothyleniainej 
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CB, 


9mm 

VH-OF  +  F  -  Cl 


ca. 


The  reaction  of  N-chloroethylanimine  with  oxygen  dlfluoride  wee  carried  out  on  a 
small  scale,  but  unfortunately  the  reaction  medium  Heptane  -  CaO  (eat.)  - 
Hqo  ]  was  subsequently  shown  to  rapidly  attack  the  difluoride  (see  Sec¬ 

tion  IV).  The  reaction  mixture  contained  chloride  ion  to  the  extent  of  about 
10*.  of  that  available  in  N-chloroethylenimine,  but  no  further  analysis  of  the 
reaction  mixture  was  attempted.  It  is  intended  to  repeat  this  experiment,  with 
the  exception  that  H-chloropiperldine  or  dibutylchlorandne  will  be  used,  instead 
of  If-chloroethylanimine,  to  avoid  possible  difficulties  due  to  ring  opening. 

Miction  of  Oxygen  Difluoride  with  Pinethylnitrosamine 


a«  Although  displacement  reactions  involving  oxygen  di¬ 
fluoride  may  not  lead  to  fluoramines  as  discussed  above,  the  possibility  exists 
that  the  addition  of  oxygen  dlfluoride  to  an  unsaturated  nitrogen  linkage  may 
result  in  such  a  compound.  Par  this  purpose,  it  would  appear  that  the  nitrogen 
should  be  bound  to  a  more  electronegative  element  (oxygen  is  the  only  possibility), 
so  that  the  fluorine  would  tend  to  become  attached  to  nitrogen: 

F 

-Hs0+F-0-F  - ¥  -  &  -  0  -  0  -F 

It  is  of  interest  that  the  only  reported  reaction  of  oxygen  difluoride  in  which 
an  N-F  linkage  Is  formed  is  one  of  this  type  (Reference  5): 


F  -  N  «  D  +  0  F2  - >  HF^  +  02 

b.  Experiments  were  carried  out  with  dime  thy  Ini  tresi-iins 
and  oxygen  difluoride  in  an  effort  to  determine  whether  the  above  reaction  could 
be  generalised  *  If  the  reaction  of  oxygen  dlfluoride  with  the  nitroaaadne  were 
similar  to  that  with  nitroaylfluoride,  the  product  would  be  11,  H-dimetbyl-H^ 
H-dif  luorohydrasinc : 
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CH, 

CH, 

F 

nN  -  N  =  0  +  0Fo  — 

.  K 

/ 

N  - 

N 

/  2 

X 

\ 

CH, 

2 

CH, 

5 

F 

Although  the  products  of  this  reaction  have  not  yet  been  characterised,  it  has 
been  determined  that  when  carbon  tetrachloride  is  used  as  a  solvent,  a  product 
is  formed  which  is  capable  of  oxidizing  acidified;  potassium  iodide.  When  water 
is  used  as  the  solvent,  this  product  is  not  obtained.  Work  is  now  in  progress 
to  isolate  and  Identify  the  oxidizing  material. 

5 ,  Reaction  of  Oxygen  Difluogide  with  t-butyl  Alcohol  and 

Dl-t -butyl  Peroxide 

a.  Some  effort  has  been  directed  toward  the  preparation  of 
hypofluorites,  since  it  was  originally  believed  that  such  compounds  might  be 
more  valuable  than  oxygen  difluoride  as  fluorinating  agents.  In  the  unknown 
t-butylhypofluorite,  (CH^)^  COF,  for  example,  the  oxygen  atom  is  in  a  more 
reduced  state  than  the  oxygen  atom  in  oxygen  dlfluorlde,  so  that  side  reactions 
involving  oxidation  (an  opposed  to  fluorlnatlon)  might  be  less  likely  with  the 
t-butyl  compound.  In  addition,  t-butyl-hypofluorite  may  be  a  liquid  at  ambient 
temperature,  and  thus  more  readily  handled  than  oxygen  difluoride.  If,  however, 
the  arguments  relative  to  displacement  reactions  in  hypohalates  which  were 
presented  in  paragraph  II,A,2  are  valid,  hypofluorites  cannot  be  expected  to 
yield  the  N-F  linkage  (except  possibly  in  their  reactions  with  tetramethyltet- 
razene  and  a  few  related  compounds): 


where 

R  =  t-C^,  CF y  «  ,  CFjCO  ate 
B  *  nucleophyle 


CONFIDENTIAL 


Page  8 


—  m*  - 


mas 


..  Jii 


CONFIDENTIAL 


II  Technical  Discussion,  A  (cont.) 


Report  13o.  12S3 


b.  Attempts  were  m ade  to  prepare  t-butylhypofluorite  from 
t-butyl  alcohol  and  oxygen  di fluoride  in  the  alcohol,  as  solvent*  Isobutylene 
was  isolated  from  this  reaction,  and  it  was  also  noted  that  2  mol  of  an  acid 
(probably  hydrogen  fluoride)  were  formed  per  mole  of  oxygen  difluoride  employed. 
These  results  can  be  interpreted  as  follows: 


F  •  0  -  F  +  (CH^  C  -  0  -  H  — £  HF  +  (CH^  C  -  0  -  0  -  F 


(CH^)5  C  -  0  -  0  -  7  _ ^  (0^)3  C  -  F  +  Og 


F 


C  +  HF 


0 


Alternatively,  the  isobutylene  may  have  been  formed  by  the  acid  catalysed  dehy¬ 
dration  of  the  alcohol: 


/ 

<2*3 


OH 


—  C 

/C 

CH, 


+  H2° 


The  reaction  mixture  was  found  to  contain  a  product  which  slowly  oxidizes  acidified 
potassium  iodide,  but  the  separation  of  this  material  from  the  solvent  alcohol 
was  no  t:  accomplished.  It  was  suspected  that  this  substance  might  be  di-t-butyl- 
peruxide,  but  it  was  subsequently  found  that  the  latter  compound  Is  Inert  to 
acidified  potassium  iodide  under  the  same  reaction  conditions. 


c.  No  reaction  occurred  during  several  weeks,  whan  t-butyl 
alcohol  and  oxygen  difluoride  were  mired  in  the  gas  phase  at  ambient  temperature. 
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d.  An  attempt  was  made  to  prep  art  t-buty  lfcypofluori  ta  from 
di-t-butyi  peroxide  and  oxygen  dl fluoride  in  carbon  tetrachloride  eolation: 

n, 

F  -  0  -  P 

«V3  C  -V.  0  -  c  («,),  — ' ’  ‘“A  ° 

(c»5)5  C  -  0  -  0  *  F  - *  (CH^  C  *  «2  +  157  +  °2 

However,  no  appreciable  reaction  occurred  during  25  hour*  at  ambient  temperature, 

6.  The  Selection  of  Suitable  Solvent  Madia  for  Oxygen  Di fluoride 

The  reactivity  of  oxygen  difluoride  toward  several  a  el  acted 
solvent  media  la  shown  in  Table  1,  In  which  the  percent  recovery;  of  oxygen 
dl  fluoride  la  given  for  various  contact  tinea  with  the  solvents,  It  appears  that 
oxygen  difluoride  la  reasonably  unreactive  toward  water,  but  1 si  decaopoeed  by 
both  aqueous  acids  and  bases.  The  high  reactivity  of  hexane  sad  heptane  nay  be 
attributed  to  the  presence  of  isomeric  hydrocarbon*  containing  tertiary  carbon 
atoss.  Such  hydrocarbons  nay  not  be  completely  removed  by  normal  purification 
procedures  involving  washing  with  sulfuric  acid,  drying  over  soditni  or  sodium 
hydride,  and  distillation, 

7.  aSfflMRjStfffcWSf.  of  Oxygen  Di  fluoride 

Oxygen  difluoride  of  88, Jt-  percent  purity  was  found  to  undergo 
no  change  In  composition  when  stored  for  6  weeks  in  a  dry  Pyrex  bulb,  as  deter** 
mined  by  the  reduction  of  oxygen  difluoride  with  acidified  potassium  iodide,  and 
by  infrared  date  (quantitative  determination) • 

B,  EXPERIMENTAL 

1.  App«r«tu»  sag  l-t-tcs.  Of  MKtttTtilJ 

a*  With  the  exception  of  the  experiment  involving  dimethyl* 
amine  (set*  below),  ell  experiments  were  carried  out  with  0.5  to  3  millimole  of 
oxygen  di  fluoride,  in  the  following  manner*  Oxygen  oifluoride  was  admitted  into 
an  evacuated  Pyrex  bulb  (capacity  50-100  ml)  equipped  with  stopcocks  at  either 
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% 
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aid*  The  filial  pressure  was  always  lass  than  I  staosphere.  The  other  reactant 
was  then  addud,  cither  in  solution  or  in  an  excess  of  the  reactant  as  solvent, 
through  one  of  the  stopcocks,  and  the  hulk  was  shaken  at  mbLmt  temperature 
for  a  specified  tine.  At  the  conclusion  of  the  shaking  period,  one  of  two 
procedures  was  followed:  {1}  potassium  iodide  reagent  {see  below)  was  added 
to  the  bulb,  the  bulb  again  was  shaken  for  10  sdm,  and  the  liberated  iodine  wee 
titrated  with  standard  thioaulfate  to  the  starch  endpednt,  or  (2)  the  liquid 
portion  of  the  reaction  mixture  was  withdrawn  and  the  liquid  aed  gas  phases  were 
analysed  separately.  In  this  second  procedure,  the  gas  was  analysed  either  by 
addition  of  the  potassiue  iodide  reagent  or  free  an  infrared  spectra  of  the 
gas.  The  liquid  portion  of  the  reaction  id  store  was  fractionated  under  high 
vacuum,  through  a  series  of  cold  traps;  ifeiss  the  contents  of  each  trap  was 
tatalysad  by  infrared  and  by  reduction  with  acidified  potaediai  iodide. 

b.  In  all  lustiness,  the  potasaiun  iodide  reagent  was  pre¬ 
pared  by  (1)  adding  2*5  £  of  anaiyttcal-gretie  potasaiun  iodide  to  10  al  of  1-M 
sulfuric  add  and  (2)  diluting  the  resulting  solution  (with  water)  to  25  al« 

2.  Sanction  of  Oxygen  Dffluarlde  with  Selected  gttroesn  rnasoisids 
a.  BLnsthylaaoLoa 

The  apparatus  for  die  reaction  of  oxygen  difluoride  with 
dlnathylarine  was  a  300*1,  three-necked,  standard-taper,  round-bottoned  flask 
fitted  with,  a  gas  inlet  tube,  a  therein— ter,  a  cold  C-0O°C)  fuignr,  and  an 
efficient  trapping  aystaas  located  downstream  of  the  cold  finger.  The  flask  was 
In* rrsrrt  in  an  ice-water  bath,  and  the  oontents  were  mtrimrmti 

IN methyl  anfins  and  oxygen  difluoride  ware  admitted  through  a  caliiferstad  flown star, 
into  the  reaction  mixture  in  the  flask. 

Gaseous  anhydrous  diaetbyla*£ae  (k9.2  waoie)  was  passed 
through  the  gas  inlet  tube  into  «  stirred  mixture  of  6  g  (100  smile}  of  glacial 
acetic  add  in  150  ml  of  hexane,  at  0°C,  over  a  period  of  30  ndn*  The  hexane  had 
beam  previously  purified  by  scrubbing  with  concentrated  sulfuric  add,  drying 
overnight  over  sodium  hydride,  finally  distilling  from  sodium  hydride. 
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Upon  addition  of  the  aalne  to  the  homogeneous  hexane**  acetic  add  mixture,  a 
second  layer  font  if  as  a  heavy  oil.  Oxygen  difluoride  of  88*5$  purity  was  now 
added  (25.0  maole,  calculated  as  pure  oxygen  difluoride)  over  a  period  of  80  sin. 
This  was  accomplished  by  evacuating  the  ays  ten  sufficiently  (7 6  an)  to  permit  the 
oxygen  difluoride  to  flow  from  the  storage  bulb*  In  addition  to  -6o°C  cold 
finger,  three  cold  traps  were  used  in  the  experiannt.  These  traps  were  *ai«~ 
tained  at  -80°C,  -160°C,  and  -196°C  during  the  first  part  of  the  experiment. 

It  was  found  that  the  -196°C  trap  contained  0.623  mmole 
of  oxyg*$  difluoride  (2.49$  recovery)  and  0.166  note  of  carbon  tetrafluoride 
(identified  by  infrared).  Because  the  original  oxygen  difluoride  contained 
carbon  tetrafluoride  (in  unknown  aeount)  as  an  inpurity,  it  is  not  certain 
whether  any  carbon  tetrafluoride  was  produced  in  the  oxygen  dif  luoride-disiethy  I  - 
waine  reaction.  The  -I60°C  trap  contained  0.433  mole  of  a  gaseous  product  which 
was  not  identified,  together  with  0.13^  mmole  of  hexane;  the  ~8o°C  trap  contained 
0.021  maole  of  the  sane  unidentified  material  and  0.l4l  nmole  of  hexane.  Subse¬ 
quent  experiments  indicated  that  the  material  in  the  -160°C  trap  was  aon- 
oxidizing  toward  acidified  potassius  iodide  and  that  it  gave  no  add  reaction 
with  water,  as  determined  by  shaking  the  gas  with  water  and  titrating  the 
solution  with  standard  tenth-normal  sodium  hydroxide  to  the  phenolphthelen 
endpoint.  The  material  in  the  -8o°C  trap  was  also  non-oxidizing. 

Distilled  water  (100  ml)  was  added  dropwise  to  the 
two-phase  reaction  mixture  (upper  layer,  colorless;  lower  layer,  yellow)  over  a 
period  of  2  hours.  During  this  operation,  the  pressure  is  the  system  was  main¬ 
tained  et  76  an;  the  three  cold  traps,  at  -80,  -112  (ethanol),  and  -196°C;  and 
the  cold  finger,  at  70°C. 

The  -196° C  trap  contained  0.372  ancle  of  acetone  identi¬ 
fied  by  its  Infrared  spectrum  and  by  conversion  to  the  2,  4*dinicroph4«iylhy- 
draxine;  the  -112°C  trap  contained  0.145  mmole  of  acetone  mad  0.434  mmole  of 
hexane;  and  the  -80°C  trap  contained  0.^88  mnole  of  pure  hexane.  The  acetone 
from  the  -112°  trap  was  also  converted  to  the  2,  4-diBittophenylhydfcazone  which, 
when  recrystal  limed  from  50$  aqueous  methanol,  melted  at  12fc~5°C  (lit.  126°C, 
imfacsmce  6). 
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The  hexane  layer  «f  separated  fron  Che  aqueous  layer, 
washed  with  5$  aqueoua  sulfuric  add,  20  aqueous  sodian  hydroxide,  and  nattt, 
mtfimm&m  dried  over  anhydrous  nggalai  sulfate,  ThdU  latfriil  did  not 
oxidize  acidified  poucshvi  iodide  and,  prana— My,  contarfnsd  no  diadlylfiaoca- 
line,  Flash  distillation  of  the  hexane  left  O^Sl  g  of  a  yellow  rssidne,  which 
van  not  identified,  An  mfrariad  spectra*  of  this  liquid  indicated  that  it  uay 
an  aside,  such  an  1,  S-diMCthyl acetaarf da  (fron  dfanthyl  anfwr  ad  antic  add). 

The  aqueous  layer  contained  1*372  *eq  of  wetari-al  capable 
of  oxidizing  acidified  potassi.ua  iodide,  Presuaobly,  the  oaddirlng  nafcerial  nee 
net  the  desired  fluoranine,  which  would  have  been  exacted  so  appear  in  the 
hexane  layer,  Shan  aah  strongly  basic  with  50$  aqueous  sodiqa  hydroxide,  the 
spews  layer  yielded  18,56  ancle  of  diaethylanine  and  no  other  product.  This 
represents  a  recovery  of  37*8$  of  the  dfnethylaarlno  adgistUy  teed  (30,5  naole 
of  dfnethyiaaiae  weed  up)  and  sfcsas  that  lees  than  1,25  sole  of  the  anine  reacted 
per  sole  of  oxygen  difluoride  need.  The  actual  staUfetoaSr^  any  be  closer  to 
a  1:1  ratio,  since  aot  all  of  the  could  be  isolated  fees  the  mlwdon, 

b.  TetxanthfiteCtazsDC 

Trim—if by ltatraxana  was  prepared  as  previously  described 
(Reference  7),  A  solution  of  0,3  el  of  the  tetrasane,  in  6,0  al  of  Spectxo- 
grade  carbon  tetrachloride,  was  added  to  0*57^  aanoln  of  oxygen  dlflooride.  A 
vigorous  reaction  occurred  on  shaking,  and  a  gas  (probably  nitrogen)  was  steadily 
evolved.  During  the  reaction,  a  yellow  oil  separated  as  sn  sdberrxt  fLlxs  on 
the  walls  of  the  reaction  vessel.  After  a  shaking  period  of  10  sain,  the  carbon 
tetrachloride  ’.as  withdrawn  and  water  was  added  to  tabs  up  the  oil.  Both  the 
carbon  tetrachloride  and  aqueous  solutions  ware  subsequently  asal yssd* 

The  residual  gas  was  found  to  be  non-oxidizing,  and 
consequently  contained  neither  uareaetsd  oxygen  difluoride  nor  other  gaseous 
products  capable  of  oxidizing  acidified  potassium  iodide.  Both  the  carbon 
tetrachloride  and  aqueous  solutions  ware  found  to  ba  non-oxidizing.  The  carbon 
tetrachloride  solution  was  also  non-ad  die,  but  the  aqueous  solution  contained 
61$  of  tbs  2  sols  of  acid  wqp acted  If  all  of  the  fluorine  in  the  oxygen  dixluor- 
ide  Mp loved  bad  bean  wwaftsi  to  lijirogae  fluoride. 
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c.  N-Chloroethylenifidnes 

N-chloroethylensedne  was  prepared  as  previously  described 
(Reference  8).  A  blank  experiment  vai  conducted  In  order  to  test  the  reactivity 
of  R-chloroethyleniaire  with  the  systam  heptane-vater-cslcium  oxide  (sat.). 

Heptane  was  employed  as  part  of  th$  solvent  system  so  that  both  ti-chloroethyleni- 
mine  and  any  N-f luoroethylenimine  formed  would  be  protected,  to  some  extent,  from 

the  iijueOuS  uuc  vCCSuie  (l)  w»£uU >t SSSiSmm  ITS  iuiuwu  tu  be  uuiuiblc  iu  a  biiic 

solution,  and  (2)  N-chloranln*e  are  miscible  with  organic  solvents,  but  immiscible 
with  water.  Aqueous  calcium  oxide  (i.e.,  calcium  hydroxide)  was  employed  to 
neutralise  any  hydrogen  fluoride  formed,  because  ethyleniariu:*$  derivatives,  in 
general,  undergo  ring  opening  in  acid  solution.  Calcium  oxide  (or  hydroxide)  was 
preferable  to  sodium  hydroxide,  since  a  saturated  solution  of  the  former  compound 
contains  only  0.2  percent  of  the  hydroxide  (cf  •  above  remark  relative  to  the 
stability  of  N- chloramines  to  aqueous  base). 

When  3  >1  (42.6  nmole)  of  N-chloro ethyl enimines  in  25  ml 
of  n-hextane  (Phillip  *s  A.S.T.K.  grade)  was  added  to  a  suspension  of  3*3  g 
(30  mmole)  of  calcium  oxide  in  50  ml  of  distilled  water,  and  the  two-phase  system 
was  shaken  for  5*3  hours  at  ambient  temperature,  9 of  the  H-vAhloroethylenlwine 
was  recovered  as  determined  by  oxidation  of  acidified  potassium  iodide.  After 
acidification,  the  aqueous  layer  gave  no  precipitate  of  silver  chloride  with 
aqueous  silver  nitrate.  The  distribution  of  the  g-chloroethyleninine  was  deter¬ 
mined  to  be  65 *5$  in  the  hexane  layer,  and  35*5$  In  the  aqueous  layer. 

A  suspension  of  0.26  g  (5*0  nmole)  of  reagent-grade 
calcium  oxide  in  4  ml  of  water  and  a  solution  of  0.30  ml  (0.33&  *  4.0  nmole)  of 
N-chloroethylenimine  in  2  ml  of  heptane  were  successively  added  to  2*19  mmole  of 
oxygen  difluoride,  end  the  reaction  vessel  was  shaken  for  15  min  at  ambient 
temperature  until  the  exothermic  reaction  ceased.  The  suspension  was  withdrawn 
and  centrifuged. 

An  infrared  analysis  of  the  gas  phase  indicated  that  all 
of  the  oxygen  difluoride  had  react  ad.  When  the  aqueous,  centrifuged  layer  was 
acidified  with  acetic  add  and  titrated  with  standard  aqueous  silver  nitrate. 
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0*57  uaota  of  chloride  ten  wee  found.  It  *as  subsequently  shown  that  both  heptane 
Ml  cslciun  oxide-water  destroy  oxygen  difluoride  rapidly  (see  Table  1),  However, 
the  parti*!  recovery  of  chlorine  a*  chloride  ion  in  the  present  experiment  showed 
that  reactions  of  oxygen  dif luorlde  with  3-chioroethyleniniae  had  occurred  to 
cone  extent. 


d*  Dtnetbyldtroswsfne  In  Aqueous  Solution 

Diwethyloltrosandjoe  wee  prepared  frew  djmethylaniae  m*d 
nitrous  add  by  standard  technique*  (Reference  9),  A  solution  of  0.60  ml 
(8,1  anole)  of  the  nitroeo  compound  in  10  *1  of  distilled  water  warn  added  to 
1*39  eeole  of  oxygen  difluoride,  and  the  Mixture  shaken  for  one  hoar  at  aablent 
tmaperatura.  The  reaction  waa  only  mildly  exothermic.  The  clear  and  colorless 
Liquid  was  withdraw,  and  both  liquid  and  gee  ware  subsequently  analysed, 

B accuse  of  the  presence  of  water,  infrared  spectra  could  not  be  taken  directly. 

The  gee  phase  was  fractionated  through  -00  and  -196°C 
txapa.  The  -196° C  trap  contained  0*13  anole  of  Material,  and  an  infrared 
mMlymim  above d  the  absence  of  oxygen  di fluoride  ad  the  presence  of  an  unidea* 
tifind  Material  absorbing  at  k*3,  k.5*  and  12*55  wicrona.  This  Material  did  not 
oxldixe  acidified  potassiun  iodide  and  contained  no  hydrogen  fluoride  as  deter* 
»fn*d  by  titration  of  its  aqueous  solution  with  standard  bane.  The  -dO°C  trap 
contained  e  liquid  with  a  vapor  pressure  of  about  15  an  at  18*5°C;  it  wee 
(probably)  mostly  water.  The  Material  in  this  trap  was  neither  oori.di.xing  nor 
acidic. 


The  liquid  phase  was  not  further  treated  when  it  wae 
found  to  contain  2.5^  mole  of  add  (probably  hydrogen  fluoride),  representing 
91.^  of  the  2  sole  of  acid  expected  per  aole  of  oxygen  difluorlds  alloyed,  if 
all  of  tfaa  fluorlna  in  tha  oxygen  difluorida  had  been  converted  to  hydrogen 
fluoride. 


a*  DlwathylnitrosandLne  is  Carbon  Tetrachloride  Solution 

A  solution  of  0*60  ml  (8*1  eaole)  of  dinathylm.tzoaanliia 
in  10  al  of  Spec tro- grade  carbon  tstrachlorida  was  added  to  1„36  anole  of  oxygen 
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di fluoride,  and  the  mixture  was  shakes  for  3  hours  at  ambient  temperature.  During 
the  mildly  exothermic  reaction,  a  yellow  oil  separated  in  small  amount.  The 
liquid  (excluding  the  yellow  oil)  was  withdrawn  and  both  liquid  and  gas  were 
subsequently  analysed. 

An  infrared  spectrum  of  the  gas  phase  revealed  the 
absence  of  oxygen  difluoride,  as  well  as  the  presence  of  at  least  two  new 
materials e  Apparently,  one  of  these  was  the  saar  as  that  obtained  in  the  aqueous 
reactions  (see  above)  and  showed  absorption  maxim a  at  4»3  sod  ^.5  microns; 
absorption  at  12.55  microns  was  masked  by  carbon  tetrachloride.  The  other 
material  showed  maximum  absorption  at  5*8  microns.  The  gas  phase  was  fraction¬ 
ated  through  the  -SO  and  «196°C  trap,  and  the  =195° C  tr^>  was  found  to  contain 
both  of  the  new  materials.  This  fraction  was  found  to  be  both  oxidising  and 
acidic,  and  since  the  material  absorbing  at  4*3  microns  was  shown  in  the  exper¬ 
iment  (in  aqueous  solution)  to  be  both  non-oxidlisiisg  sod  non— acidic  (see  above), 
it  may  be  concluded  that  the  material  that  was  absorbing  at  5*5  microns  was 
responsible  for  these  observations.  The  -SO°C  trap  contained  nearly  pure  carbon 
tetrachloride,  as  determined  quantitatively  fro*  ita  infrared  spectra*.  The 
yellow  oil  which  had  separated  during  the  reaction  appeared  as  a  saeisolid  mass 
having  essentially  no  vapor  pressure  after  the  removal,  by  fractionation,  of  the 
gas  phase  from  the  reaction  vessel.  This  residue  was  not  examined  further. 

When  the  liquid  portion  of  the  reaction  mixture  was 
fractionated  through  the  -30,  -80,  and  -196°C  traps,  an  additional  quantity  of 
the  oxidizing  material  appeared  la  the  -196° C  trap.  The  combined  yield  of  the 
two  products  ;.hich  were  absorbing  at  4.3  aid  5*5  microns  was  about  20  sole  *£, 
based  on  the  oxygen  difluoride.  The  -80°C  trap  contained  the  bulk  of  the  carbon 
tetrachloride  solvent,  the  -30°C  trap  contained  unreacted  dime  thy  Ini  txosamiiie, 
and  the  non-volatile  residue  (about  0.15  ml)  we*  shown  to  comprise  a  solution 
of  Kel-7  grease  (which  had  been  used  to  lubricate  the  stopcocks  of  the  reaction 
vessel)  in  carbon  tetrachloride.  All  of  these  identifications  were  based  on 
infrared  spectra,  with  spectra  of  the  pure  materials  being  available  for  com¬ 
parison*  The  total  of  the  acid  produced  in  both  the  liquid  sad  gas  phases, 
during  the  run,  asouated  to  2B<  of  the  theoretical  2  mole  of  hydrogen  fluoride 
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(c£*  preceding  experiment)*  However,  since  products  readily  hydrolyzable  to 
hydrogec  fluoride  we?  have  been  formed  in  this  experiment  (and,  indeed,  in  all 
of  the  other  experiment#},  it  is  not  know  to  vdiet  extent  hydrogen  fluoride 
was  fomed  as  such  during  the  reaction  proper* 

3*  geactioc  of  Oxygen  Difluoride  with  Selected  Oxygen  Coanoonds 
a*  Tertiary-butyl  Alcohol 

la  this  experiment,  t-butyl  alcohol  was  employed  both 
as  the  reactant  and  the  solvent*  To  3*46  Boole  of  oxygen  <&  fluoride  was  added 
7*5  si  of  the  redistilled  alcohol,  and  the  Mixture  was  shaken  at  infif  nnr  ten* 
peratisrs  of  7*1/2  hours*  Previous  experiments  with  this  system  had  indicated 
the  reaction  to  be  relatively  slow,  and  that  a  reaction  tine  of  approximately 
7  hours  was  required  for  ds*  csnplete  inversion  of  the  oxygen  difluoride*  The 
liquid  was  withdraw  at  the  conclusion  of  the  run* 

Aa  infrared  analysis  of  the  gas  phase  showed  only  t-butyi 
alcohol  and  carbon  tetrafluoride,  the  latter  being  an  impurity  in  the  oxygen 
diflucride.  The  gas  wee  non-oxldlzing* 

The  liquid  phase  was  found  to  eostaia  90$  of  the  2  sole 
of  add  expected  if  all  of  the  fluorine  in  the  oxygen  difluoride  had  been  con¬ 
verted  to  hydrogen  fluoride*  The  liquid  was  fractionated  through  the  0*  -40. 

-S3,  sac  “19&  C  trap,  and  the  subsequent  workup  of  the  trap  yielded  the  following 
results:  The  -19^C  trap  contained  1*46  mole  of  isobutylene  (identified  by 
cosparison  of  the  infrared  spectres  with  that  of  pure  isobutylene),  sod  0*81 
mole  of  unidentified  material*  This  fraction  was  both  non-acidle  and  non- 
oxidizing*  The  -80°C  trap  contained  1*25  mole  of  t-butyl  alcohol  w**-  1*07 
mmcilm  of  unidentified  material.  This  non-oxidising  fraction  contained  0*04 
emole  of  add*  The  -4o°C  trap  contained  the  bulk  of  the  alcohol,  and  an 
infrarod  spectrw  of  the  tellings  showed  only  the  alcohol.  The  fraction  con- 
tafned  3*87  mole  of  acid  and  slowly  oxidised  acidified  potassiue  iodide*  That 
this  oxidixing  power  was  not  due  to  di- t-butyl  peroxide  (which  has  about  the 
earns  volatility  at  lew  tmperaturee  as  the  alcohol}  was  shown  whan  a  sample  of 
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t> butyl  peroxide  (assay  97%)  failed  to  oxidize  under  the  same  conditions. 

Attempts  to  separate  the  oxidizing  material,  from  the  alcohol  were  unsuccessful. 

The  0°C  trap  contained  nothing,  and  the  residue  (0.093  s)  was  not  treated 
further. 

When  oxygen  difluoride  (4l  ram)  and  fc-butyl  alcohol  (39 
were  stored  in  a  1-liter  bulb  for  6  weeks ,  no  change  was  observed  in  the  infrared 
spectrum.  It  was  also  noted  that  the  mole  ratio  of  the  two  reactants  remained 
constant  during  the  storage  period. 

b.  Bi- t-butyl  Peroxide 

A  solution  of  0.3  g  (2„1  sraole)  of  di-t-butyl  peroxide 
(assay  97%)  in  2  ml  of  Spectro- grade  carbon  tetrachloride  was  added  to  0.634 
nomole  of  oxygen  difluoride.  After  a  shaking  period  of  25  hours,  approximately 
S0%  of  the  oxygen  difluoride  was  recovered.  Since  the  peroxide  was  not  completely 
pure,  it  is  uncertain  as  to  whether  the  oxygen  difluoride  reacted  with  the  perox¬ 
ide  to  a  small  extent  during  the  allowed  reaction  time. 

4.  Solvent  Media  for  Oxygen  Difluoride 

Various  solvent  media  were  examined  for  reactivity  with  oxygen 
difluoride.  In  each  instance,  the  solvent  was  added  to  the  oxygen  difluoride, 
the  mixture  was  shaken  for  an  allotted  time,  and  finally  potassium  iodide  reagent 
was  added  without  the  prior  rraaoval  of  the  solvent.  The  results  of  these 
experiments  are  given  in  Table  1.  Essentially,  complete  recovery  was  obtained 
from  water,  carbon  tetrachloride.  Freon  113;  end  the  carbon  tetrachloride* acetic 
acid  mixture. 

C.  METHODS  PROPOSED  FOR  PREPARATION  OF  LIQUID  FUELS  CONTAINING 

ALUMINUM  HYDRIDE 

1.  Introduction 

The  encouraging  results  obtained  by  the  use  of  aluminum  natal 
In  solid  propellants  has  led  to  the  consideration  of  compounds  of  aluminum,  or 
other  metals  that  might  be  soluble  in  high-energy  fuels  for  liquid  bipropellants. 
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such  S3  hydrazine  or  dimethyl  hydrazine*  In  the  following  sections ,  theoretical 
calculations  are  presented  for  one  possible  candidate,  aberfmm  hydride,  for 
possible  use  in  liquid-bipropellant  system  or  in  hybrid  rockets* 

2.  Preparation  asd  Properties  of  Aluminum  Hydride 

Alusinue  hydride  was  discovered,  by  £•  Wiberg  and  0.  Stecher 
in  19^2,  as  a  product  of  the  reaction  caused  by  passing  an  electric  current 
through  a  mixture  of  trimstfeyi  elusions  sd  hydrogen  (References  10,  11,  and  12)* 
It  la  formed  as  a  high-mo  Lecular-veight  poiyser  of  the  general  coaposttloe 
(AUl^)^J  A  acre  convenient  aethod  of  preparation  is  that  discovered  by  A.  E. 
Fisshclt  and  co-workers  (Reference  13),  which  consists  of  adding  ethereal 
aluminum  chloride  to  finely  powdered  lithium  hydride.  The  soluble  lithium 
aluminum  hydride  first  forms;  however,  on  further  addition  of  altmrtnua  chloride, 
a  solution  of  monomeric  aluminum  hydride  is 

k  UZ  +  AICU  t  -c  aIH^  +  juca 

3  +  AlClj  — — >  IsAIHj  4-  3UC1 

the  latter  solution  is  not  stable;  it  soon  deposits  a  white  solid  in  which  the 
atonic  ratio  of  aluminum  to  hydrogen  still  is  3:1*  hut  from  which  the  ether 
cannot  be  completely  removed  without  loss  of  hydrogen*  The  precipitation  of  the 
aluminum  hydride  as  a  high-no  lecular-veigbt  polymer  can  be  prevented  or  reversed 
by  adding  alumimm  chloride  to  the  system,  or  by  employing  tetrahydrofuran  as 
solvent.  Another  technique  which  has  been  e^loyed  recently  (Reference  lb)  far 
preventing  polymerisation  employs  the  rapid  filtration  of  the  ethereal  solution, 
as  prepared  by  the  aethod  of  Finholt,  into  vigorously  stirred  pentane  or  ligroin, 
neither  of  which  is  a  solvent  for  aluminum  hydride.  Tba  product  obtained  in  this 
manner  can  be  freed  from  the  last  traces  of  hydrocarbon,  without  decomposition, 
by  vacuum  drying* 

Depending  on  the  degree  of  polymerisation,  the  ocmpcmnd  (A1H_) 

_  x 

is  stable  in  high  vacuum  to  above  lOO'  C.  Above  these  temperatures.  It  decomposes 
rapidly  and  quantitatively  into  silvery-white  metallic  aluminum  plus  hydrogen: 

(A12 Jx  110°  y  xil  +|5  H2 
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It  reacts  vigorously  with  water,  evolving  hydrogens 

AlH^  +  5^0  _ _ ^  A1  {m)j  +  3b2 

3*  Thermoche^lcg-l  Calculations 

In  the  preceding  quarterly  report  is  presented  the  possibility 
of  utilising  aluminum  in  liquid  fuels.  The  basis  of  the  utilisation  of  aluminum 
is  that  one  may  formulate  propellant  systems  to  obtain  the  high  heat  of  for¬ 
mation  of  Al^O^j  which  is  solid  or  liquid  at  chamber  temperatures,  and  still 
produce  large  amounts  of  gas  for  propulsion.  This  is  possible  because  the 
equilibrium 

A12°3(l)  +  H2  =  2A10(v)  +  H2° 

Is  far  to  the  left  below  3500°K.  This  allows  fornolations  to  be  oade  in  which 
only  the  metal  and  carbon  are  oxidized  (the  carbon  only  to  CQ),  leaving  gas 
to  give  overall  low-molecular-weight  products.  A  thermodynamic  analysis  of  other 
metal  oxides  indicates  that  only  aluminum  and  beryllium  will  net  react  with 
hydrogen  at  high  temperatures  so  as  to  allow  this  type  of  formulation.  The 
toid. city  and  scarcity  of  beryllium  precludes  its  use;  therefore,  aliaimw  is 
found  to  be  the  best  metal  for  use  in  rocket  fuels. 

when  considering  the  various  formulations,  it  bcaRaes  imaediately 
obvious  that  aluminum  hydride,  AIE^,  will  be  even  better  than  alimdmss  metals  as 
a  fuel.  For  2J  g  of  aluminum,  the  hydride  has  only  3  additional  grams  of 
hydrogen,  but  this  3  g  produces  1.5  mole  of  gas.  The  hydride,  slSfttfogh  rela¬ 
tively  reactive,  could  probably  be  protected  by  incorporating  it  in  a  polymer 
such  as  polyethylene  or  rubber.  This  solid  fuel  could  then  be  used  in  a  hybrid 
system  in  which  the  solid  is  cast  in  the  chamber  end  a  liquid  oxidizer  is  intro¬ 
duced  as  needed. 

Table  2  presents  the  results  of  calculations  made  on  systems 
containing  AlH^  monomer,  in  e  polymer,  with  the  oxidizers  XKF3A,  90$  an^ 

CIO ,  All  three  formulations  assumed  a  solid  phase  consisting  of  80$ 

AlKj  and  20$  polymer  and  with  the  fuel-oxidizer  ratio  such  that  the  o&ly  radoef 
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formed  were  CO  and  Al^C,.  The  soft  interesting  result  of  the  calculation*  is 
that  hydrogen  peroxide  is  the  best  oxidizer.  Ibis  is  doe  to  the  sore  fe?orabIe 
stoichiometry  of  the  system.  i.e.,  to  the  greater  E/0  ratio  in  the  oxidizer. 

The  beat  of  formation  of  Al^p^  80  that  it  overshadows  acr/  differences 

in  heats  of  formation  of  the  oxidizers;  thus,  the  best  ispulse  is  obtained  iron 
the  systems  that  produce  the  best  ratios  regardless  of  the  poor  ZB  of 

formation  of  the  oxidizer.  It  is  also  interesting  to  note  that  with  010^?  as 
oxidizer,  the  flame  temperature  is  ^0a4°X  vs  5I6^°K  for  the  peroxide  systen; 
yet,  the  specific  impulse  is  3)  units  lower  than  that  of  the  peroxide  system*  It 
is  a  general  characteristic  of  systems  containing  large  amounts  of  hydrogen 
that  one  obtains  lower  chamber  temperatures  for  a  given  specific  impulse,  beemsse 
of  the  very  large  heat  capacity  of  hydrogen  gas.  It  is  somewhat  fortunate  that 
H^2  the  best  calculated  specific  impulse,  because  this  is  the  oxidizer 

with  which  the  most  experience  in  hybrid  rockets  has  been  gained.  Am  additional 
calculation,  the  results  of  which  are  also  presented  is  Tab! 
systen  AlH^  -  905*  H^O^,  without  hydrocarbon  binder,  as  an 
case  wherein  the  products  are  only  A!^  and  H^* 


«=»? 


►le  of  the  i  ini  ting 


The  calculations  shown  above  were  made  assuming  a  chamber 
pressure  of  1000  psia*  Generally,  one  calculates  solid-propellant  systems  at 
dimiter  pressures  of  LOGO  psia  and  liquid  propellant  systems  at  300  psia;  where 
to  beet  op  irate  a  hybrid  would  depend  on  a  ©esqslete  analysis  of  the  systen. 
Table  3  presents  the  results  of  calculations  made  on  one  hybrid  system  at 
chamber  pressures  of  300  and  1000  psia*  The  relative  impulse  calculated  here 
is  general  for  most  systems  -  that  at  300  psia  is  0*8?  times  that  at  1000  psia* 
Other  relative  values  are  0*9^  at  500  psia  and  0*96  at  750  psia. 


hybrid  systen* 


T*le  4  «-p««  ^  with  A1H,  i*  .  hydros*  P««tde 


The  thermodynamic  calculation!  given  above  say  nothing  about 
the  physical  characteristics  of  the  fuel  system  -  the  (-ca^)^  used  in  the 
calculations  could  be  a  liquid  hydrocarbon,  as  well  as  a  solid  polymer  of 
polyethylene  or  rubber,  so  that  slurry  fuels  having  these  high  specific  impulses 
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are  possible*  In  making  slurry  fuels  of  reactive  materials  such  as  A1H y  the 
biggest  problem  will  be  that  of  obtaining  pure  hydrocarbons  that  are  free  of 
water  md  dissolved  oxygen.  Experience  has  shown  that  with  slurries  of  alkali 
metals  prepared  during  various  additive  programs,  they  tend  to  react  with  the 
unsaturated  compounds  in  JP-4  to  give  colored  precipitates  which  prevent  flow 
into  the  reaction  chamber  (Reference  15 )  • 

The  enthalpy  of  formation  of  AlH^^  was  estimated  to  he 

-2.6  kcal/mole,*  by  simply  subtracting  the  enthalpy  of  formation  of  LiH^, 

-21*6  kcal/mole,  from  that  of  LiAlH^^,  “24.2  kcal/mole.  This  calculation 

is  equivalent  to  assuming  that  the  heat  of  reaction  of  LiH  with  AlH^  to  fora 

LiAlRj^  is  zero*  Generally,  the  heat  of  formation,  of  the  propellant  Markedly 

affect 8  the  calculated  impulse  so  that  accuracy  of  data  is  quite  important; 

however,  in  the  systems  calculated  here,  the  heata  of  reactions  are  quite  high, 

2*0  or  more  kcal/g,  and  the  heats  of  formation  are  overshadowed  by  the  large 

heat  of  formation  of  A1_0,.  Before  much  work  is  done  with  propel Lant  forau- 

2  5 

1  at  ions,  an  accurate  value  for  the  heat  of  formation  of  AlH^  mam t,  of  course, 
be  determined  experimentally* 

Occasionally,  an  application  calls  for  a  cheat! cal  system 
that  will  produce  large  amounts  of  gas  at  moderate  temperatures,  say  in  the 
range  of  1000-150G°K.  A  system  that  appears  to  have  a  good  potential  here  Is 
ME,  and  aqueous  araaonia  solutions.  With  formulations  In  which  only  the  A1  is 

j 

oxidized  to  produce  Al^O y  H^,  and  N^,  it  is  possible  to  produce.  7*0  mole  of 
gas  per  100  g  of  materials  in  the  system  at  temperatures  in  the  desired  range. 

The  liquid  could  be  dripped  onto  a  bed  of  the  hydride  and  the  system  so  designed 
that  the  .olid  M203  would  reoaia  In  the  senator.  Hxce«*  ^  in  the  generator 
would  ensure  that  the  reaction  produced  the  desired  products.  The  gases  would 
also  have  a  reasonable  heat  of  combustion  with  air;  thus,  additional  energy 
could  be  obtained  this  way.  In  fact,  the  system  might  be  used  as  a  combustible 
gas-generator  system*  One  calculation  is  presented  in  Table  5* 
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III*  FUTURE  jKgg 

A*  la  the  i weti  irfp  future,  as  atteopt  will  be  ltde  to  Isolate  and 
characterize  the  oxidising  product  formed  is  the  reaction  of  oxygen.  dlfluorlde 
with  diaethyliiitxosawinc,  Attended  will  also  be  directed  to  a  further  imree- 
tigatioo  of  the  oxygen  diflucride-dijathylaBioe  reaction,  without  the  use  of  an 
aqueous  workup  procedure,  is  as  atteapt  to  isolate  (Ca^)^  SOP  or  other  product*. 

3.  thervodiesLcsl  calculation#  of  possible  fe^picfaaaee  sysiaas 
will  be  continued* 

C*  Klbow-aotor  tests  will  be  ini  dated  on  representative  faiph  fuels  wish 
percbloryl  fluoride* 
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Ox&gtn  Dirluoride 


Solvent 

%  aeoovereo 

Tine*  hr 

n-Septaae  (HsiUip*s  AST31) 

3 

0.3 

n-Hescane  (Purified) 

1 

0.3 

Carbon  tetrachloride  (Spectre  Grade) 

99 

1 

Carbon  tetrachloride  (Spectre  Grade) 

99 

5 

Carbon  tetrachloride  (Spectre  Grade) 

96 

25 

Freon  -  113,  CCl^  -  C  C1F2 

100 

1 

Hater 

99 

1 

Saturated  cal  dim  hydroxide  (0*21  CaO) 

1 

1 

Hater/ acetic  add  (3:1) 

79 

1 

Carbon  tetrachloride/ acetic  add  (3:1) 

99 

1 

Table  1 
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TABLE  2 

COMPARISON  OF  VARIOUS  OXIDIZERS’  IK  A  HYBRID 


SYSTEM  USING 

AlH^  AS  SOL ZD  FUEL 

Oxidizer 

I2FNA 

CIO xP 

kmwmw* 

90*  H202 

AIH-,  v£  $ 

37.3 

HB.q 

41.5 

53.9 

Binder,  wt  $ 

9.3 

7.0 

10.4 

0.0 

Oxidizer,  wt  # 

53.4 

65.0 

48.1 

46, 

Specific  Inpulse,  lbf-sec/lbm 

(1000/14.7  psia) 

299 

289 

3C9 

312 

Chamber  Temperature,  °K 

3481 

4024 

3164 

3533 

0 

Exhaust  Temperature,  K 

2387 

2819 

2026 

2562 

Chamber  Composition 

mole/ICO  g  Al^Oj 

0.4?9 

0*000 

0.646 

0.596 

A12°5  M* 

0.14a 

0.467 

0.046 

0.302 

H2 

2.861 

1.120 

4.281 

4.007 

H 

0.199 

0.413 

0.146 

0.534 

CO 

0.664 

0.499 

0.740 

HC1 

0.511 

Cl 

0.124 

HF 

0.634 

N2 

0.433 

Total  mole  of  gas/ 100  g 

4.299 

3.7® 

5.213 

4.645 

^Recently  published  d*ca  show  thtt  Al^O*  doe#  not  exist  tf  a  vapor,  but  dissoc¬ 
iates  to  A10  and  Alo0.  These  data  arePbeing  evaluated  and  will  be  used,  if 
necessary,  to  correct  the  calculated  inpulse  values*  Preliminary  calculations 
with  these  new  data  Indicate  an  increased  theoretical  value  because  of  the 
greater  nudber  of  soles  of  gas  that  are  formed  in  the  dissociation  process  than 
are  formed  in  the  valorisation  process* 
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Propel  I sit  Co**.*osi  tion. 

wt  $ 

^3 

£6.0 

Binder 

7.0 

Oxidizer 

65.0 

Chanber  praaaure,  psla 

loco 

300 

Chanber  tenperatura,  °K 

3831 

Exhaust  tcoperatord*  °K 

2819 

2983 

Specific  taonlsBf  ibi-ms/lbm 

269 

250 

Cftuaiker  coopositioa 

raole/lOOg  Alo0,^vj 

t'l.kei 

O.&67 

H2 

1,120 

1.079 

H 

0..V13 

0.587 

CO 

0Ji$9 

0.^99 

HC1 

0.51 

0.479 

Cl 

0.12+ 

0.155 

HF 

0.6?l- 

o.<3& 

Total  gaa 

3.768 

3.$*0 

3 
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Ta!*  *£  *16 


CONFIDENTIAL 

Hepsrfc  No.  1268 


mo  4 


COHPAaiSOH  0?  M  AMD  Alt!-  AS  SOLID  FUELS  IN 

3 

HYBRID  SYSTEMS  USING  HgOg  AS  QWLZM. 


Solid  fuel 

A1 

Wfc  5b  solid  £u«l^ 

26,0 

41.5 

Wt  #  binder,  (CHg)^ 

33.5 

10  ®4 

Wt  oxidizer,  90$  H^Og 

51.5 

Uel 

Specific  irspulse,  Ibf~«ee/lbm 

(1000/14.7  P*U) 

aio 

w 

Chamber  tesspereture,  K 

2966 

33.64 

&xh«iu*t  temperature,  °K 

1650 

2026 

Chs*4>er  composition 

voles/lOQg  AlgO^(e) 

0,506 

0.646 

AlgOjIv) 

0.012 

0.046 

Ha 

3.120 

4.261 

H 

0.000 

0.146 

CO 

1.460 

0.?40 

Total  asicft  of  gee 

4,592 

5.213 

i mm ——hip  rnmn^*mtsutffm 

3ft 

Hsite  opposition  uns  optimised  Ssr  the  patrticulic:  components..  but  botk  «re 
estiraeted  to  be  nasr  opfci***u 


table  4 


CONFIDENTIAL 


CO  IflDENHAl 

t 


ttMfast  So.  1208 


msr& 


if 


i  3s§^i$lji 

&  i m~m&msxm  ok sons 


AlH^ 

0*®S  ay*(aq) 


^  o-^tioc  *&r*w«&«rej  °K 
*’  zs&mmm,  Ivrc&ic*® 

*2 

h 

Tcfcjel  gm 


K***t  of  CasStatioa 
with  tJ,Xy  Zzajlb 


0*60? 
6. 356 

0.91 

7*27 


8,000 


% 
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